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@ Device and method for affinity separation. 

@ A device for capturing a component present 
in a fluid comprises a pipette tip having a 
rearward end 15 adapted to be fitted on a 
micro-pipette, and a forward end 12 with a 
membrane 17, adapted to bind the component, 
extending across the pipette tip. 
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Background 

Separation processes are used widely in biologi- 
cal science to isolate one component from complex 
mixtures using a single or combination of unique char- 
acteristics of the desired entity. These characteristics 
can be size, shape, charge, hydro phobrcity, solubility, 
density etc. all coming into the categorisation of chro- 
matography. Usually these characteristics are not to- 
tally unique and so a series of different sequential 
separations must usually be taken to refine the puri- 
fication. Often the choice of which steps to use is em- 
pirically determined and devising a new purification 
route Is very laborious, each choice having many va- 
riants within it The labile nature of many biological 
substances also makes this a difficult procedure, the 
desired substance sometimes decaying as fast as it 
can be purified. 

A variant of these techniques is affinity chroma- 
tography, in this a more specific characteristic of the 
desired item is utilised in the separation strategy. 
Usually this involves a specific binding capability 
which is instrumental in effecting the separation. Bio- 
logical systems employ specific binding very regular- 
ly as part of their natural functioning, such as in anti- 
body/antigen interactions in disease resistance, or re- 
ceptor/ligand interactions for cell signalling. This can 
. be harnessed in a separation technique to obtain 
100% separation in one step and is therefore a par- 
ticularly powerful method. With such a powerful sep- 
aration method It Is important when performing these 
activities that all contaminating unbound materials 
are removed with high efficiency. Preferably there 
should be 100% efficiency both of contaminant re- 
moval and of capture of desired substance in the first 
pass. This requires maximal interaction between the 
desired substance or entity with its binding partner as 
well as very efficient washing. 

A method is therefore needed where sufficient 
capture molecules to capture ail the target molecules 
are held on a solid phase. This is done in such a way 
that the target molecule or entity has easy access to 
the binding site but also so that non-binding moieties 
can be washed off vigorously without trapping or spu- 
riously interacting. 

There are many formats for performing affinity 
chromatography procedures. All of them share the 
general feature of having one side of the binding pair 
immobilised to a solid phase. This most commonly 
consists of a bead material sometimes packed into 
columns. The liquid containing the desired entity can 
then flow over, around arid in some cases inside the 
beads coming into contact with the capture entity and 
contaminants can then be washed by allowing wash- 
ing solutions to flow over the bead surfaces. The 
stringency of the washing procedure can be influ- 
enced by the nature of the washing solution such as 
by temperature, Ionic strength, pH. solvent mix etc. 



Beads are in many cases a preferred option as 
this format maximises the surface on which the cap- 
ture entity is immobilised. 

In general the major requirement is for an insolu- 
5 ble material to which the capture entity can be attach- 
ed such that a fluid containing the target be passed 
over the solid phase to allow maximum contact be- 
tween the compartments. Also the solid phase nor- 
mally requires a maximal surface area to allow suff i- 
10 cient capture entity to be available. In most cases the 
purpose of the procedure Is for the removal of the tar- 
get from a complex mixture in pure form and then elu- 
tlon of the target from the capture entity without the 
capture entity also being removed. For this to be pos- 
ts sible conditions have to be found where the binding 
forces can be overcome without damage to either 
binding partners. 

In recent times, especially in molecular biology, 
techniques have arisen which are manyfoid more sen- 

20 sitive than before and so do not need such large 
amounts of sample as starting material. Also more 
and more of subsequent treatments are able to be 
done while still attached to the solid phase. This is the 
basis of the burgeoning fields of downstream proc- 

25 essing and biotransformations where chemical mod- 
ifications are made often enzymically by materials 
held on a solid phase. 

There have appeared in the last few years sever- 
al new formats for affinity chromatography based on 

30 filtration membranes especially for antibody purifica- 
tion. Most commonly these involve the use of a filtra- 
tion cartridge format, familiar to those working In bio- 
logical fields.^ This consists of either-a disposable or 
reusable cassette within which Is mounted a disc of 

35 filtration membrane. 

The membrane is supported on both sides by 
plastic meshes within the cassette and leading out 
from the upper and lower surfaces of the cassette is 
a nozzle designed to be attached to a syringe and an 

40 outlet designed to be directed into the collection ves- 
sel. These cassettes sometimes include in the de- 
sign, channels of liquid flow to maximise the Interac- 
tion of the fluid across the membrane (US 4,690.757). 
Later developments have lead to new versions 

45 with either capture moieties already permanently at- 
tached or In a chemically activated form for custom 
derlvatlsation. The discs are usually about 5 cm in di- 
ameter and are claimed to have as high a binding ca- 
pacity as a column. This is consistent with their use 

50 with a syringe for the application of large samples of 
between 1 and 50 mis of solution at a time. 

As mentioned earlier the trend now is towards 
smaller samples, more sensitive detection and ampli- 
fication techniques especially in molecular biology. In 

55 biology large samples are difficult to obtain and in- 
volve significant derangement to the biological entity 
which is the source of the sample. This is especially 
true if repetitive samples need to be taken to follow a 
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trend or reaction. Large samples are also slower to 
process and involve exposing fragile biological enti- 
ties to inhospitable environments during the process. 

As mentioned earlier existing affinity processes 
Involve removal of the target from the capture entity s 
as the final step. This requires empirical discovery of 
conditions which will perturb the binding without dam- 
aging the desired purified moiety. This can be ex- 
tremely difficult for example with antibodies where 
strong binding is often particularly desirable. Obvi- io 
ously the stronger the binding the more denaturing 
the eluting solution. Sometimes numerous combina- 
tions of elutant have to be tried to find a good set of 
conditions. Sometimes however no combination ach- 
ieves the right effect. is 

As well as molecular purifications cells are also 
used in affinity processes. This can take a variety of 
forms based on different characteristics of the cells. 
Usually but not always the cells must be recovered In- 
tact from the process for further analysis. Frequently 20 
the separation is based on presence of cell surface 
molecules for which antibodies can be obtained. This 
can also be combined with size and density measure- 
ments. Methods for affinity purification of cells In- 
clude "Fluorescence Activated Flow Cytometry" 25 
which can combine size with the existence of one or 
more cell surface markers. The problems of cell pur- 
ification are severe due to their fragility and If anti- 
body selection has been used the selected cells have 
to be used with the label still attached. 30 

Many areas of science use natural affinities for 
binding. In genetics complementarity of nucleic acids 
is commonly utilised as the basis of a method of ana- 
lysis. For example mRNA is isolated by virtue of the 
fact that it always has a tail of adenine nucleotides at 35 
the end which can be bound to a row of thymidine nu- 
cleotides. 

Specific gene nucleotide sequences can be cap- 
tured by the complementary nucleotide sequence. 
These hybrids can usually be removed very easily by 40 
reducing the ionic strength of the elutant allowing the 
natural charge-driven repulsion between DNA 
strands to take effect 

As mentioned earlier, sometimes elution condi- 
tions cannot be found to remove without damage. 45 
This can be turned Into an advantage however If the 
capture is done In the situation where It can act as the 
linker immobilising the desired activity in place so that 
subsequent steps can be performed in situ . For ex- 
ample this could be an enzyme reaction in the new so 
science of biotransformations which uses immobil- 
ised enzymes for chemical synthesis. 

If it is essential to remove the target material then 
a final resort is to use a membrane material which is 
Itself soluble in a solvent not damaging to the target. . ss 
This case however does release the capturing mate- 
rial also. 

Frequently the coupling of the material to its solid 



phase would be by covalent linker to avoid any prot>- 
lems of the leaching out of the capture nrK>lety leading 
to contamination of the process. 

if removal of the target moiety Is difficult, or un- 
necessary, analytical work can be done in sitii . Many 
biological analyses can be performed on mem- 
branes. For example one Item is immobilised on the 
membrane and used to capture the other. Using fur- 
ther labelled binding moieties the presence of an en- 
tity can be revealed using fluorescent markers or col- 
ourimetric enzyme markers or radiol abets. These can 
be visualised by eye, by machine or by microscopic 
analysis or counted by appropriate instrumentation. 
The requirement for being on a membrane is to allow 
efficient washing as well as to provide for Information 
of localisation. 

Other processes are now carried out on menrv 
branes such as enzyme reactions, gene amplification 
reactions, chemical syntheseis etc. 

Often the results of a separation especially if it In- 
volves cells must be verified by direct observation. 
This is used to tell whether the cells are still in good 
condition, whether the separation looks "dean" etc. 
Sometimes further specific tests must be done on the 
separated ceils to verify their identity by a different 
route such as specific staining or enzyme activity. If 
a cell sorter has been used then the produced cells 
can be examined. If a column has been used they 
must be eluted to be observed. If however a menn- 
brane has been used they can be visualised directly 
as most membranes are semi-transparent or translu- 
cent. 

Most capture-based techniques still utilise the 
column forniat. This requires the sample to be slowly 
trickled over the matrix and then washing to be done 
by trickling over the matrix a succession of washing 
steps. To improve the washing and the elution, gra- 
dients of solvents are often used with varying pH, ion- 
ic strength and hydrophobiclty. 

Also several changes of small volumes of wash 
solution are far more efficient than one large one 
which is difficult to implement in a column situation 
without extending the time further. 

These processes can take a long time especially 
if the binding affinity is weak and sometimes requires 
the circulation of the sample solution over and over 
the capture surface to maximise contact. During this 
long time many constituents will deteriorate and pos- 
sible denature and consequently many of these proc- 
esses are now carried out in cooled rooms. These are 
very unpleasant environments to work in and only 
partially solve the problem. 

One solution to this has been the development of 
HPLC techniques which among their other character- 
istics are faster, as the liquids are transferred under 
pressure. These systems are expensive however and 
subject the substances to high pressures as well as 
temperature. 
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Membrane capture processes are usually faster 
and therefore better for labile materials but they suffer 
from problems of dead space which means that the 
smallest samples cannot easily be used and that the 
material eluted Is lower in concentration. s 

As existing cartridges are contained, it is not easy 
to see when they are full of liquid and this can result 
in air being drawn through. and partial drying out of 
the membrane in an attempt to reduce the minimum 
volume. Also, because the membranes are contained io 
and supported it is not easy to remove the membrane 
for visualisation either by light electron microscopy. 
Similarly they cannot easily be used for subsequent 
reactions. Some of the cartridges can be disassem- 
bled and hence the membrane removed. The true is 
purpose of this is re-use of the cartridge however and 
usually results in some damage to the membrane. 

In some samples the desired constituent is pres- 
ent in minute amounts or numbers. This results in 
large volumes being drawn over the capture moieties. 20 
In addition to the time involved this has the additional 
disadvantage that the process of liquid flowing In 
some cases is sufficient to cause the removal of hi- 
therto bound components. The severity of this de- 
pends on the nature and strength of the binding, but 25 
as biologically significant affinities are often subtle 
there are many cases where this method of purifica- 
tion cannot be achieved for these reasons. 

Another route to solving these problems is to in- 
crease the amount of available capture partner by in- 30 
creasing the amount of solid phase. This results in 
slower flow rates, longer reaction time and greater di- 
lution of the desired material. 

Samples for these types of purifications are often 
clinical and potentially infective and the washing and as 
especially eluent chemicals are also frequently of a 
hazardous nature. They may be organic solvents, 
acids. Ion-pairing molecules, chelators, detergents 
etc. Traditional processes using columns offer the po- 
tential of injury to the operators as they are exposed 40 
to the whole system which often involves the use of 
significant amounts of the hazardous material. Mem- 
brane cartridge devices are better but still rely on 
squirting out liquids with possibilities for spillages and 
aerosols. 45 

Many targets once purified will be.used in further 
analysis such as electrophoresis or reactivity for ex- 
ample. For most of these subsequent reactions the 
target, which Is usually in limiting amounts, is prefer- 
ably at a high concentration. For column and mem- so 
brane affinity systems, elution will result in the sam- 
ple being collected at less than maximal concentra- 
tion. This frequently means that concentration has to 
be performed before further work can be done. The 
concentration of a highly purified substance at low 55 
starting concentration is very inefficient often leading 
to losses in excess of 50%. 

These small amounts of dilute material also suffer 



. from the disadvantage of being easily denatured on 
storage and usually have to be mixed in with other 
molecules such as bovine serum albumin to increase 
their stability. This defeats some of the object of pur- 
ifying them In the first place. They are also very liable 
to adsorb to the surfaces of their storage vessels 
which sometimes necessitates pre-treatment with 
toxic silicon compounds (silanes) as a prevention. 

As mentioned earlier most chromatographic pro- 
cedures are reached empirically and frequently in- 
volve multiple stages. Strategies are designed by the 
Individual testing of single steps under a variety of 
conditions on a small scale to optimise both the type 
and order of steps sometimes for subsequent large 
scale operations. 

This usually means that large numbers of a vari- 
ety of small columns have to be made, equilibrated, 
and run both singly and in combination and the elu- 
tion analysed and monitored. Constituents often need 
to be radio-labelled to be able to detect them in such 
processes and this results in a considerable amount 
of radio-active waste. There are automated systems 
to perform these reactions but they are very expen- 
sive, complex to run and the produced materials still 
need to be analysed. 

The concept of having a separation on the end of 
a tip has been utilised before in patent specif ication 
No. WO8809201. In this case however the tip con- 
tains column material between two frits and is there- 
fore a miniature column. Usage of the column Is by 
solution flowing by gravity as commonly employed for 
column processes. 

The Invention 

This invention provides a device for capturing a 
component present in a fluid, comprising a pipette tip 
having an open rearward end adapted to be fitted on 
. a pipette for drawing fluid into the pipette tip, an open 
forward end, and at least one membrane extending 
across the pipette tip at or adjacent its forward end. 

The membrane is preferably porous, since it is 
necessary that the fluid be able to flow through, over 
or round the membrane and into the pipette tip. Pre- 
ferably the membrane is a woven or non-woven mesh 
of fibres, which term is used to include threads and 
filaments which may be discrete or continuous. The 
membrane may be a mesh weave, a spun bonded 
mesh, a nuclear track etched membrane, or an elec- 
trolytic mesh. Membranes of various pore sizes are 
possible; it will be understood that the membrane is 
not normally used simply as a filter to physically sep- 
arate from a fluid particles that are too large to pass 
through the pores. Membrane pore size is chosen 
rather to ensure Intimate contact between the fluid 
and the membrane. The larger Is the pore size, the 
easier is passage of fluid through the membrane but 
the lower Is the capture efficiency of the membrane 
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for the desired component. 

Preferably the membrane Is adapted to bind and 
thereby capture a component present in the fluid. For 
example, the membrane nnay incorporate a specific 
binding partner of the component to be bound. The 5 
membrane may incorporate capture entities which are 
ion exchange molecules, affinity proteins such as 
anti-bodies or biotln-binding molecules, enzymes, nu- 
cleic acids, nucleotide oligomers, cell attachment 
molecules.receptors, chelators etc. io 

In one embodiment, the membrane is of a mate- 
rial which is capable of binding DNA, for example by 
chemical interaction or hydrophobic bonding or phys- 
ical absorption or by a charge interaction. DNA bind- 
ing to plastics materials is corriplex and Involves van- 15 
ous combinations of these phenomena. For example 
a highly charged polymer surface may favour charge 
interaction, while an uncharged polymer surface may 
favour hydrophobic bonding. 

Many materials are known which have nuclear 20 
capture properties, including polyester, polyamide, 
polycarbonate, cellulose, nitrocellulose, polyvinyli- 
dine difluoride, and glass. Alternatively, the mem- 
brane can be made of any material which can be ac- 
tivated, chemically or physically in such a way that It 25 
binds the component to be captured. Immobilization 
of the capture entity, e.g. antibody or other specific 
binding species, on the membrane is readily effected 
by a variety of chemical and physical means which 
are well described in the literature. 30 

The membrane may be chosen with a view to the 
specific requirements of the separation involved. For 
example, the membrane may be chosen to be non-in- 
h ibitory to subsequent enzyme reactions or culture re- 
quirements. The membranes can also be selected to 35 
be non-fluorescent, transparent, heat or chemical- re- 
sistant. 

Capture membranes which have been used suc- 
cessfully are 1, 5, 6 and ^^\lm polyester woven mem- 
branes and 1|j,m nylon woven membrane. Either Ipm 4o 
membrane Is preferred. Less preferred but effective 
to a lesser extent are 50, 100|xm random mesh poly- 
carbonate membranes and 5, 10 ^m track-etched 
polyester membranes. Also 0.45|im nitrocellulose has 
been used successfully, as has 0.45nm nylon, al- 45 
though the flow rate and hence washing efficiency 
were reduced (see Example 1). 

It is an advantage of the invention that the de- 
sired component is captured on or at or in the forward- 
facing surface of the membrane. The membrane is so 
mounted at or adjacent the forward end of the pipette 
tip, that Is to say, close enough to the forward end to 
be easily visible or accessible for 5ut>sequent treat- 
ment, reaction or analysis. The membrane is prefer- 
ably bonded to the forward end of the pipette tip, elth- 55 
er at right angles to the axis of the pipette tip or set 
obliquely (I.e. not perpendicular to the longitudinal 
axis of the pipette tip). An oblique mounting Increases 



the surface area of the membrane, for a given tip di- 
ameter and may help to avoid contamination when 
the device is inserted into a dirty solution. Or the 
membrane may be mounted on the forward end of a 
short tubular section, the back end of which Is a fric- 
tion fit on the forward end of the pipette tip of the in- 
vention. Several tubular sections comprising several 
membranes may be mounted on the pipette tip In this 
way. 

The first (or only) membrane is preferably bonded 
to the pipette tip at or adjacent its forward end. The 
membrane may be made peelabie from the pipette tip 
for subsequent processing. But in this embodiment it 
would not be practicable to replace the same or an- 
other membrane on the pipette tip. The device of the 
invention is thus designed to be disposable rather 
than re-usable. 

Alternatively, the membrane may be secured to 
the forward end of the pipette tip by means of a se- 
curing collar. 

The pipette tip is preferably a one-piece moulded 
structure preferably formed of a plastics material, 
which should withstand autoclaving (a 120<'C for 20 
minutes) as welt as repeated heating and cooling be- 
tween 95° and ambient. No mould release or plasttzer 
should be used in the manufacture of the pipette tip, 
and the plastics material should not inhibit enzyme re- 
actions such as PGR either by removal of crucial 
components by adsorption or by chemical inhibition. 
Preferred plastic membranes include polycarbonate, 
polypropylene, nylon, polyester, PTFE. Polycarbon- 
ate and polyester can have the advantage that the 
tube is transparent. The pipette tip should preferably 
not fracture on freeze-thawing. " 

The pipette will usually be an adjustable volume 
or non-adjustable volume disposable tip micropipette, 
as produced by Companies such as Gllson and Ep- 
pendorf, and well known to those working in biologi- 
cal laboratories. Preferably the rearward end of the 
pipette tip is internally tapered so as to be a friction fit 
on a micro pipette. The rearward end of the pipette tip 
may carry external axial reinforcing ribs. 

Preferably the pipette tip Is of a brittle plastics ma- 
terial and has between its ends a circumferential line 
of weakening, e.g. provided by an external groove, 
along which the tip can be broken manually. The 
length of the forward end of the tip may be chosen to 
enable It, complete with the membrane, to be inserted 
in an eppendorf tube for further processing in such a 
way that the lid can be shut. The pipette tip is prefer- 
ably conical, with the rearward end sized to fit a micro 
pipette, with the tip decreasing in both internal and 
external diameter towards its forward end. 

The small diameter of the end of the tip allows the 
membrane to be immersed in very small samples. 
The tip is adapted to contain the fluid that is drawn 
into it by the pipette, thus avoiding any contamination 
of the pipette itself. This also allows liquid to be taken 
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up into the tip past the membrane with very little re- 
quired force. This also allows the liquid to be forced 
out again past the membrane and hence double the 
Interaction of the sample with the capture partner. 
This can be repeated any number of times pipetting s 
up and down so the sample has multiple chances to 
interact with the capture entity. The speed of pipetting 
can be varied easily or for very slow kinetics the tip 
could be left incubating in the solution. Once the bind- 
ing step has been allowed the tip is easily transferred io 
to the required number of washing solutions in turn pi- 
petting up and down each time as required. Several 
consecutive small volume washes are much more ef- 
fective In washing terms than the same volume once. 
This method therefore minimises the required is 
amounts of wash solutions whilst maximising the 
washing effect. The pipetting for washing can be as 
vigorous and numerous as desired. 

A particular advantage Is that the presence of the 
membrane at the end of the tip results In any entities 20 
attaching by whatsoever means to the membrane do 
so predominantly on the external surface. This is im- 
portant for any visualisation purposes, for efficient 
elution orfor subsequent reactions or for example cel- 
lular entities they can continue to be cultured in situ 25 
on the membrane. 

The nature of the fluid, containing a component 
to be captured, Is not material to the Invention. The 
fluid may, for example, be a biological fluid such as a 
body fluid. 30 

In some cases, the fluid may be so "dirty" by vir- 
tue of containing so much insoluble matter, that the 
step of sucking it through the membrane would be 
slow or difficult. In this case, it may be sufficient to 
bring the fluid into contact with the outer surface of 3S 
the membrane without applying any positive or neg- 
ative pressure through the pipette lip. As the fluid is 
stirred in contact with the pipette tip, the membrane 
captures the desired component. The pipette tip can 
then be removed from the "dirty" fluid, and immersed 40 
in a washing fluid which is sucked into the pipette tip 
and then ejected through the membrane, usually sev- 
eral times. 

For applications where many conditions need to 
be tried for optimal purification perhaps for a subse- 45 
quent large scale scheme, trial of many conditions 
can be performed in rapid succession. For multiple 
preparations the tips can be utilised with a multichan- 
nel version of the micropipette such as are common 
among those experienced in the area. These com- so 
monly allow 8 or 12 purifications to be done simulta- 
neously. The membrane-ended tips can be manufac- 
tured attached in a row for easy attachment to the 
multi-pipettes. 

For particularly difficult separations or ones ss 
where different components need to be removed from 
the same sample multiple layers can be used sepa- 
rated by a small spacer. Each of these layers can be 



derivatised differently so the sample contacts all of 
them and they could be assembled in a head-to-tail 
manner. This is also useful where samples are unde- 
sirably particulate or otherwise contaminated and the 
first layer can be chosen to remove some of this un- 
wanted material. 

These layers can be used either to remove mul- 
tiple specific contaminants to improve the separation 
by capturing the target on two or more layers of the 
same materials to capture different materials simulta- 
neously or to remove one material while capturing an- 
other. The layers can then be separated after treat- 
ment by "unslotting" them. 

This can be extended to include membranes 
which have attached to them molecules or entitles 
which are preservatives or enzyme inhibitors to help 
the desired material to survive. They can also have 
detergents, surfactants or anti-bacterial agents avail- 
able on the solid phase membrane which allows their 
activity to be utilised without contaminating the sam- 
ple. 

An additional variant of this is to have an enzyme 
activity attached to a section of membrane so that the 
enzyme can perform its reaction and can then be re- 
moved from the sample to avoid sample contamina- 
tion. In some cases these sections can be stored for 
re-use. 

Reference is directed to our European patent ap- 
plication 92 308 537.7, filed on 18 September 1992 
and entitled "Capture Method and Device". That In- 
vention describes a method of separating compo- 
nents of cells, which method comprises 

a) treating a fluid containing jwhole cells so as to 
selectively lyse the cytoplasmic membrane to-_. 
gather with a small proportion of the nuclear 
membranes but leaving a large proportion of the 
celt nuclei Intact, 

b) applying the treated fluid to a surface whereby 
a mesh of DNAfrom the lysed nuclei is formed on 
the surface and captures Intact cell nuclei. 

c) washing the DNAmesh on the surface to sep- 
arate the captured cell nuclei from other compo- 
nents of the cells. 

The said patent application also describes a de- 
vice for use in the method. The device of the present 
invention is very suitable for that purpose; the for- 
ward-facing surface of the membrane herein descri- 
bed can constitute the surface to which the treated 
fluid is applied in step b) above. In that case however 
the membrane would usually not be derh^atlsed. 

Reference is directed to the accompanying draw- 
ings, in which: 

Figures 1 and 2 show sectional and end eleva- 
tions respectively of a preferred form of the device. 

Figures 3, 4 and 5 are perspective sectional side 
views of three different devices according to the in- 
vention. 

Figure 6 is a perspective sectional side view of 
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such a device in position In an eppendorf tube. 

Referring to Figures 1 and 2, the device compris- 
es a pipette tip 10 the bore 11 of which decreases in 
diameter along its length from Its rearward end to- 
wards its forward end 1 2. The forward end face of the s 
pipette tip has an annular pip 13 for the attachment of 
a permeable membrane 17 extending across the bore 
and selected according to the nature of the compo- 
nent to be captured. The pip has in this construction 
a triangular cross-section. A line of weakening in the io 
form of a peripheral groove 14 is formed in the wall 
of the pipette tip at a selected distance from the for- 
ward end. In its rearward end portion 15 the external, 
surface of the pipette tip is cylindrical and has a series 
of axial stiffening ribs 16 to enable that end of the pip- is 
ette tip to be secured in a friction fit on the end of a 
micro-pipette. The pipette tip Is made from a transpar- 
ent and brittle thermoplastic plastics material. Poly- 
carbonate Is particularly suitable for this purpose. 

In use of the device, a biological fluid is drawn 20 
into the pipette tip by a micro-pipette through the 
membrane which captures a component of the fluid. 
The captured component is then washed by drawing 
a wash solution through the membrane. The pipette 
tip is then broken at the line of weakening and the 25 
whole forward end part of the pipette tip with the 
membrane and captured component is placed in a 
standard eppendorf tube for further treatment. To en- 
able the lid of the eppendorf tube to be closed It is 
particularly advantageous for the groove 14 to be 30 
formed at a distance of 18mm from the forward end 
of the pipette tip. 

Figures 3, 4 and 5 show generally similar embodi- 
ments. In Figure 3, a capture membrane 17 is shown 
extending across the forward end 12 of the pipette tip. 35 
An aerosol filter 18 is mounted in the pipette tip be- 
tween the fracture point 14 and the rearward end 15; 
the purpose of the filter being to preserve the tip of 
the micro-pipette from contamination with biological 
fluid being sucked through the capture membrane. 40 

In Figure 4 the pipette tip does not carry any 
membrane bonded thereon. A tubular portion 19 car- 
ries a membrane 20 at its forward end; its rearward 
end is a friction fit over the forward end of the pipette 
tip. 45 

In Figure 5. the device is as shown in Figure 3, 
with two tubular sections 1 9 and 21 pushed over and 
a friction fit on the forward end. The device thus has 
three membranes, 17, 20 and 22, and the biological 
fluid is sucked through these in sequence. so 

Figure 8 shows a device similar to that illustrated 
in Figure 3. inserted into an eppendorf tube 23. The 
device includes an external peripheral disc 24, just 
forward of the fracture point 14, which serves as a 
fracture fulcrum. The membrane .1 7 is secured to the 55 
forward end of the pipette tip by a securing collar 25 
which also acts as an anti-reflux seal. The eppendorf 
tube contains 50 ^1 of reaction fluid 26 for further 



treatment of the capture membrane. 

In use, sideways pressure is applied to the rear- 
ward end 15 of the pipette tip, e.g. in the direction 
marked by the arrow 27, to break the pipette tip at t he 
fracture point. The rearward end of the pipette tip is 
then removed, the lid 28 of the eppendorf tube 
closed, and the capture membrane 17 further treated 
as required. 

EXAMPLE 1 

Use of Membrane Tips for Affinity Purification 
of a Cytochrome p450 variant from Two Protein 
Mixtures 

a) A mixture of proteins containing the protein cy- 
tochrome P450 was obtained as a series of mo- 
lecular weight markers. These were obtained as 
an aqueous solution at a concentration of around 
Img/ml for each protein and consist of P450 
(55kd), ovalbumin (46kd), carbonic anhydrase 
(30kd), trypsin Inhibitor (21.5kd), lysozyme 
(14.3kd), aprotinin (6.5kd), insulin chain A 
(3.4kd), & insulin chain B (2.3kd) in Tris buffer pH 
8.0. 

b) Phenobarbitone treated rats (Guengerich, F.P. 
and Martin M.V. Arch. Biochem. Blophys., 205, 
365-379, 1980) were sacrificed and the livers re- 
moved. Extracts were prepared (Guengerich, 
F.P.J. Biol. Chem. 252, 3970-3979, 1977) of the 
microsomes known to contain overexpressed 
P450 protein. This method involves successive 
homqgenisation and centrifugation steps in a sal- 
ine solution. The extracts once" prepared are stor- 
ed at -70*'C till required. 

Tips were prepared as follows: tips were con- 
structed as described with nylon reinforced nitrocel- 
lulose membrane attached across the forward end. 
Antibody was attached to the surface of the mem- 
brane by immersing In 100^1 of a solution of a partly 
purified polyclonal antibody to P450 (Ryan, D.E. and 
Levin, W. Pharmac. Ther.45, 15-239, 1990) lOmg/ml 
In lOOmM carbonate buffer pH 9.0 containing 
lOmg/ml bovine serum albumin. This was held in the 
solution for 15 minutes and excess was then washed 
off in phosphate buffered saline pH 7.0. and stored in 
saline at 4''C to avoid drying. 

10^1 of the protein mixtures in a) and b) were dh 
luted to 500)il in phosphate buffered saline (PBS). 

Separate tips with antibody-coated membrane 
attached were then used to aspirate up and down the 
extracts. 

The aspiration was repeated five times. The tips 
were then transferred to wash solution of 3x5ml PBS 
and one aspiration up and down was done In each. 
The membrane was then peeled off the end of the tip 
and added to sample loading buffer for PAGE electro- 
phoresis. 
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The samples were boiled In 20|il of loading buffer 
containing SDS, DTT, glycerol and bromopheno! blue 
for 2 minutes. Control samples of extract aspirated 
through an untreated tip as well as depleted extract 
after "tipping" were prepared by boiling equal 5 
amounts of sample and loading buffer together for 2 
minutes. 

1 0^1 of each sample was run on a denaturing 1 2% 
PAGE gel at 100V for three hours and subsequently 
stained In Coomassie blue fixative to reveal the pro- w 
tein bands. 

The first three tracks showed mixture A: 1) Mix- 
ture after "tipping" :2) Mixture after "tipping" using a 
"blank" tip without antibody and 3) Material extracted . 
by antibody-treated tip. is 

The following three tracks showed 5) Liver extract 
after "tipping" 6) Liver extract after "tipping" using a 
"blank" tip without antibody 7) Tip extracted material 
(the additional material in this track may represent an- 
tibody contaminants eluting from the tip membrane. 20 
Normal practice would be to perform these reactions 
using radlolabelled extracts. Contanriination from the 
bound antibody would not then be a problem as It 
would not be radiolabelled.j 

The results demonstrate that the antibody held 2S 
on the tip has efficiently captured a specific sub- 
stance from a complex mixture during the rapid aspir- 
ation steps. 

The captured substances can then be removed 
from the tip membrane for further study. 30 

The tips themselves are not removing substanc- 
es non-speclfically by absorption to the membrane. 
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EXAMPLE 2 

Use of Membrane Derivatised Tips for 
Immunopreclpitation of p53 Protein from HeLa 
Ceil Extract 



a) Tips were constructed as described, with a ny- 40 
Ion membrane attached across the forward end. 
Antibody was attached to the surface of the 
membrane by immersing the tips in either 500 ^1 

of a solution of purified monoclonal antibody to 
p53. pAb248 (1). or a solution of purified antibody 45 
to Adenovirus E1A, M73, (2) in 100 mM carbon- 
ate buffer pH 9.0. This was held at 4*>C overnight. 
The excess solution was removed and the tips 
washed in phosphate buffered .saline (PBS), pH 
7.0. The membranes were then blocked by Inv so 
mersion in 500 ^1 3% BSA/PBS for 30 minutes at 
room temperature. After removing excess block- 
ing reagent and washing in PBS, the tips were Im- 
mersed in 1 ml HeL.a cell lysate. 

b) Approximately 10^ HeLa cells were lysed In 2 65 
ml of 1 50 mM NaCI, 1 % NP40. 50mM Tris pH 8.0 

for 30 minutes on ice. The liquid was removed for 
Incubation with the derivatised tips. 



c) The tips and lysate were Incubated on ice for 
30 minutes, followed by removal of excess lysate. 
The tips were then washed with 1 ml PBS, by 
sucking the PBS Into the pipette tip and ejecting 
it from the pipette tip through the membrane 
three times. Each tip was then added to a tube 
containing 40 \x\ of Laemmli sample buffer (2% 
SDS, 10% glycerol, 100 mM DTT, 60 mM Tris pH 
6.8. 0.001% bromophenol blue). The samples 
were then boiled for 2 minutes and loaded onto 3 
separate tracks of a 10 - 15% polyacryla- 
mide/SDS gel. 

The first two tracks show immunopreclpitation of 
the p53 protein with tips derivatised with anti-p53 an- 
tibody, pAb248. In track 3 (negative control), a tip der- 
ivatised with an antl-EIA antibody shows no detect- 
able protein immunoprecipitated as would be expect- 
ed, since the HeLa cells do not express the Adeno- 
virus proteins. 
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Claims 

1- A device for capturing a component present in a 
fluid, comprising a pipette tip having an open 
rearward^nd adapted to befitted^on a pipette for 
drawing fluid Into the pipette tip, an open forward., 
end, and at least one membrane extending 
across the pipette tip at or adjacent its forward 
end. 

2. A device as claimed in claim 1 , wherein the rear- 
ward end of the pipette tip Is internally tapered so 
as to be a friction fit on a micro- pipette. 

3. A device as claimed in claim 1 or claim 2, wherein 
the or each membrane is a woven or non-woven 
mesh of fibres. 

4. A device as claimed in any one of claims 1 to 3, 
wherein the or each membrane is adapted to bind 
a component present in the fluid. 

5. A device as claimed in claim 4, wherein the or 
each membrane incorporates a specific binding 
partner of the component to be bound. 

6. A device as claimed In any one of claims 1 to 5, 
wherein the membrane is bonded on the forward 
end of the pipette tip. 
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7. A device as claimed In any one of claims 1 to 6, 
wherein the pipette tip Is of a brittle plastics ma- 
terial and has between its ends a circumferential 
tine of weakening, whereby the pipette tip can be 
broken manually along said line of weakening. s 

8. A device as claimed in claim 7, wherein the cir- 
cumferential line of weakening is provided by an 
external groove. 

10 

9. A device as claimed in any one of claims 1 to 8, 
wherein the pipette tip is of polycarbonate mate- 
rial. 

10. A device as claimed in any one of claims 1 to 9, is 
wherein the pipette tip Is conical decreasing in di- 
ameter towards Its forward end. 

11. A device as claimed in any one of claims 1 to 10, 
wherein the pipette tip has a longitudinal axis and 20 
the membrane is mounted oblique to the longitu- 
dinal axis. 
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